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1 5 BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates generally to mass digital data storage systems. 
More particularly, the present invention relates to systems and methods for enabling 
pages of a block to effectively be written to substantially out of sequence. 

20 

2. Description of the Related Art 

The use of non- volatile memory systems such as flash memory storage systems is 
increasing due to the compact physical size of such memory systems, and the ability for 
non-volatile memory to be repetitively reprogrammed. The compact physical size of 
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flash memory storage systems facilitates the use of such storage systems in devices which 
are becoming increasingly prevalent. Devices which use flash memory storage systems 
include, but are not limited to, digital cameras, digital camcorders, digital music players, 
handheld personal computers, and global positioning devices. The ability to repetitively 
5 reprogram non- volatile memory included in flash memory storage systems enables flash 
memory storage systems to be used and reused. 

In general, flash memory storage systems may include flash memory cards and 
flash memory chip sets. Flash memory chip sets generally include flash memory 
10 components and a controller components. Typically, a flash memory chip set may be 
arranged to be assembled into an embedded system. The manufacturers of such 
assemblies or host systems typically acquire flash memory in component- form, as well as 
other components, then assemble the flash memory and the other components into a host 
system. 

15 

The ability to efficiently use flash memory is crucial in enabling an overall flash 
memory system to meet high performance standards. In general, an inefficient use of 
flash memory may result in frequent erase operations and frequent write operations which 
may slow the operation of the overall flash memory system considerably. For example, 

20 as shown in Fig. 1, a physical block 100 may include contents 104 associated with a third 
page and an a third to last page of a logical block (not shown). When an update 1 10 
associated with the logical block (not shown) is received that is associated with a fourth 
page of the logical block, although space is available within physical block 100, update 
1 10 may not be stored into physical block 100, since a page 'N-2' 1 12a has already been 

25 written to, and update 1 10 would be intended for a page '3' 1 12b. That is, when later 

pages of physical block 100 such as page 'N-2' 1 12a have been written to, previous pages 
of physical block 100 such as page '3' 1 12b may not be written to. 

Allowing update 1 10 to be written into physical block 100 would generally result 
30 in an out-of-sequence violation, e.g., a write violation. In some flash memory systems 
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which include NAND flash memory such as MLC NAND flash memory, out-of-sequence 
writes and partial writes are not allowed. Hence, it is often not possible to write update 
110 into page '3' 1 12b once contents 104b are present in page 'N-2* 1 12a. 

5 In order to accommodate update 1 10, a new physical block 120 is typically 

obtained. Then, contents 104a, update 1 10, and contents 104b are written into new 
physical block 120. Once new physical block 120 is written into, then contents of 
physical block 100 may be erased. When updates associated with a fourth page of the 
logical block (not shown) are constantly made, repeated processes of obtaining a new 

10 physical block, writing to the new physical block, and erasing old physical blocks may be 
necessary. As a result, substantially only three pages of each physical block which 
contains 'N' pages may be written, while a number of pages, i.e., N-3 pages, remain 
substantially empty. Effectively wasting N-3 pages in each physical block, while 
generally requiring a relatively high number of write and erase processes, may cause an 

15 overall flash memory system to operate inefficiently. Enabling pages of a physical block 
such as physical block 100 to be written such that memory resources may be used more 
efficiently may allow the performance of an overall flash memory system such as an 
MLC NAND flash memory system to be improved. 

20 Therefore, what is needed is a system and a method which allows memory 

resources in a non-volatile memory system to be used more efficiently. Specifically, 
what is desired is a system and a method which may effectively allow physical pages of a 
physical block in a memory system such as an MLC NAND flash memory system to be 
written substantially out-of-sequence. 

25 

SUMMARY OF THE INVENTION 

The present invention relates to a system and a method for enabling contents to be 
efficiently stored in physical blocks. According to one aspect of the present invention, a 
30 method for performing a write operation in a non- volatile memory system which has a 
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memory unit includes writing a first set of contents into a first physical sub-unit of the 
memory unit and writing a second set of contents into a second physical sub-unit of the 
memory unit after the first set of contents is written into the first physical sub-unit. The 
first physical sub-unit is sequentially before the second physical sub-unit in the memory 
5 unit. The first set of contents is associated with a second logical sub-unit of a logical unit 
and the second set of contents is associated with a first logical sub-unit of the logical unit 
that is sequentially before the second logical sub-unit in the logical unit. 

In one embodiment, the memory unit is a physical block, the logical unit is a 
10 logical block, the first physical sub-unit is a first physical page, the second physical sub- 
unit is a second physical page, the first logical sub-unit is a first logical page, and the 
second logical sub-unit is a second logical page. In another embodiment, the memory 
unit may be a part of an MLC NAND memory. 

1 5 Allowing for storage into a physical block of contents associated with a logical 

page which is sequentially before a logical page for which associated contents have 
already been written into the physical block enables the physical block to effectively be 
written to in an out-of-sequence manner from the perspective of the contents, although 
the actual physical pages are written in sequence. By allowing contents of a logical block 

20 to effectively be written out of order into a physical block enables the physical block to 
be used more efficiently in that the number of needed write and erase operations may be 
reduced. For instance, grouping pages within blocks such that a group within a physical 
block may be obtained in lieu of new physical block when a substantially out-of- 
sequence write operation is to occur enables the overall efficiency associated with writing 

25 pages to be improved. 

According to another aspect of the present invention, a method for providing 
contents associated with a logical block to a physical block that is a part of a non- volatile 
memory of a memory system includes obtaining a first set of contents associated with a 
30 first logical page of a first logical group of the logical block, as well as storing the first 
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set of contents in the physical block. Storing the first set of contents in the physical block 
includes storing the first set of contents in a first physical page of a first physical group of 
the physical block and storing an indicator in the first physical group which identifies the 
first set of contents as being associated with the first logical group. 

5 

In one embodiment, the first physical group includes a plurality of physical pages 
which has a beginning physical page at the beginning of the first physical group, and 
storing the indicator in the first physical group includes storing the indicator in the 
beginning physical page. In another embodiment, the method also includes obtaining a 
10 second set of contents associated with the logical block, and storing the second set of 
contents in the first physical group when the second set of contents is associated with a 
second logical page of the first logical group and the second logical page of the first 
logical group is sequentially after the first logical page within the first logical group. 

15 These and other advantages of the present invention will become apparent upon 

reading the following detailed descriptions and studying the various figures of the 
drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may best be understood by reference to the following description 
taken in conjunction with the accompanying drawings in which: 

Fig. 1 is a diagrammatic representation of a first physical block with a first set of 
contents and an update which are to be written into a second physical block. 
25 Fig. 2a is a diagrammatic representation of a general host system which includes a 

non-volatile memory. 

Fig. 2b is a diagrammatic representation a memory device, e.g., memory device 
120 of Fig. 2a. 

Fig. 2c is a diagrammatic representation of a host system which includes an 
30 embedded non-volatile memory. 



Attorney Docket No. SANDP036 
SDK0436.001US 



Patent 



Fig. 3 is a diagrammatic representation of a physical block which is partitioned 
into groups which allow updates to be written substantially out-of-sequence in 
accordance with an embodiment of the present invention. 

Fig. 4a is a diagrammatic representation a logical block which includes logical 
5 groups and a physical block which includes physical groups in accordance with an 
embodiment of the present invention. 

Fig. 4b is a diagrammatic representation of an older physical block and an 
"update" physical block, e.g., physical block 420 of Fig. 4a, which are associated with a 
common logical block, e.g., logical block 400 of Fig. 4a, in accordance with an 
1 0 embodiment of the present invention. 

Fig. 4c is a diagrammatic representation of a physical block which includes 
contents associated with an original physical block and an "update" logical block, e.g., 
original physical block 460 and "update" physical block 420 of Fig. 4b, in accordance 
with an embodiment of the present invention. 
15 Fig. 5 is a process flow diagram which illustrates the steps associated with one 

method of performing a write process that may be considered to be an out-of-sequence 
write process in accordance with an embodiment of the present invention. 

Fig. 6 is a diagrammatic block diagram representation of a system architecture in 
accordance with an embodiment of the present invention. 

20 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

The need for pages in some non-volatile memory systems such as MLC NAND 
memory systems to be written in sequence, and without partial writes, may often result in 

25 operations used to update the contents associated with a logical block including a 

relatively high number of write and erase operations. The relatively high number of write 
and erase operations may occur, for example, when contents associated with a particular 
logical page of a logical block are constantly updated. Such updates may often require 
different physical blocks to be obtained, and necessitate merging contents of physical 

30 blocks and, hence, writing and erasing. As write and erase operations are typically time- 
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consuming, a high number of write and erase operations may adversely affect the 
performance of the non-volatile memory systems. 

Reducing the overall amount of overhead and time that is needed to store or 
5 otherwise rewrite updated pages may enable an overall system, e.g., an overall host 
system with an embedded non-volatile memory chip such as an MLC NAND memory 
chip, to operate more efficiently. Grouping pages within blocks into groups effectively 
enables pages in overall blocks to be written substantially out-of-sequence with respect to 
the blocks. The grouping of pages within blocks is generally described in co-pending 

10 U.S. Patent Application No. 10/281,855, which is incorporated by reference in it entirety. 
By grouping pages within blocks such that a group within a physical block may be 
obtained in lieu of new physical block in order to write a page into the physical block 
when there is at least one available group within the physical block, the overall efficiency 
associated with writing pages may generally be improved. Further, although pages 

15 within each group of a physical block are written to substantially in sequence, with 

respect to the physical block, the contents of the pages may effectively be written out-of- 
sequence. Specifically, pages associated with a logical block may be written into a 
physical block such that contents associated with a first logical page of the logical block 
are written into the physical block after contents associated with a second logical page of 

20 the logical block which is sequentially after the first logical page are written into the 
physical block. However, the page in the physical block into which the contents 
associated with the first page of the logical block are written is sequentially after the page 
in the physical block into which the contents associated with the second page of the 
logical block are written. 

25 

Flash memory systems or, more generally, non-volatile memory devices which 
may benefit from the use of groups within blocks which effectively enable updates 
associated with a logical block to be written in a substantially out of sequence manner 
generally include flash memory, e.g., NAND or MLC NAND, cards and chip sets. 
30 Typically, flash memory systems are used in conjunction with a host system such that the 
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host system may write data to or read data from the flash memory systems. However, 
some flash memory systems include embedded flash memory and software which 
executes on a host to substantially act as a controller for the embedded flash memory, as 
will be discussed below with respect to Fig. 2c. Referring to Fig. 2a, a general host 
5 system which includes a non- volatile memory device, e.g., a CompactFlash memory card, 
will be described. A host or computer system 100 generally includes a system bus 104 
which allows a microprocessor 108, a random access memory (RAM) 1 12, and 
input/output circuits 1 16 to communicate. It should be appreciated that host system 100 
may generally include other components, e.g., display devices and networking device, 
1 0 which are not shown for purposes of illustration. 

In general, host system 100 may be capable of capturing information including, 
but not limited to, still image information, audio information, and video image 
information. Such information may be captured in real-time, and may be transmitted to 
15 host system 100 in a wireless manner. While host system 100 may be substantially any 
system, host system 100 is typically a system such as a digital camera, a video camera, a 
cellular communications device, an audio player, or a video player. It should be 
appreciated, however, that host system 100 may generally be substantially any system 
which stores data or information, and retrieves data or information. 

20 

Host system 100 may also be a system which either only captures data, or only 
retrieves data. That is, host system 100 may be, in one embodiment, a dedicated system 
which stores data, or host system 100 may be a dedicated system which reads data. By 
way of example, host system 100 may be a memory writer which is arranged only to 
25 write or store data. Alternatively, host system 100 may be a device such as an MP3 
player which is typically arranged to read or retrieve data, and not to capture data. 

A non- volatile memory device 120 which, in one embodiment, is a removable 
non- volatile memory device, is arranged to interface with bus 104 to store information. 
30 An optional interface block 130 may allow non-volatile memory device 120 to interface 
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indirectly with bus 104. When present, input/output circuit block 1 16 serves to reduce 
loading on bus 104, as will be understood by those skilled in the art. Non- volatile 
memory device 120 includes non- volatile memory 124 and an optional memory control 
system 128. In one embodiment, non- volatile memory device 120 may be implemented 
5 on a single chip or a die. Alternatively, non- volatile memory device 120 may be 

implemented on a multi-chip module, or on multiple discrete components which may 
form a chip set and may be used together as non- volatile memory device 120. One 
embodiment of non- volatile memory device 120 will be described below in more detail 
with respect to Fig. 2b. 

10 

Non- volatile memory 124, e.g., flash memory such as NAND flash memory or an 
MLC NAND flash memory, is arranged to store data such that data may be accessed and 
read as needed. Data stored in non- volatile memory 124 may also be erased as 
appropriate, although it should be understood that some data in non-volatile memory 124 

15 may not be erasable. The processes of storing data, reading data, and erasing data are 

generally controlled by memory control system 128 or, when memory control system 128 
is not present, by software executed by microprocessor 108. The operation of non- 
volatile memory 124 may be managed such that the lifetime of non-volatile memory 124 
is substantially maximized by essentially causing sections of non- volatile memory 124 to 

20 be worn out substantially equally. 

Non-volatile memory device 120 has generally been described as including an 
optional memory control system 128, i.e., a controller. Often, non- volatile memory 
device 120 may include separate chips for non- volatile memory 124 and memory control 

25 system 128, i.e., controller, functions. By way of example, while non- volatile memory 
devices including, but not limited to, PC cards, CompactFlash cards, MultiMedia cards, 
and secure digital cards include controllers which may be implemented on a separate 
chip, other non-volatile memory devices may not include controllers that are 
implemented on a separate chip. In an embodiment in which non- volatile memory device 

30 120 does not include separate memory and controller chips, the memory and controller 
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functions may be integrated into a single chip, as will be appreciated by those skilled in 
the art. Alternatively, the functionality of memory control system 128 may be provided 
by microprocessor 108, as for example in an embodiment in which non- volatile memory 
device 120 does not include memory controller 128, as discussed above. 

5 

With reference to Fig. 2b, non- volatile memory device 120 will be described in 
more detail in accordance with an embodiment of the present invention. As described 
above, non- volatile memory device 120 includes non- volatile memory 124 and may 
include memory control system 128. Memory 124 and control system 128, or controller, 

10 may be primary components of non- volatile memory device 120, although when memory 
124 is an embedded NAND device such as an embedded MLC NAND memory, for 
example, non-volatile memory device 120 may not include control system 128. Memory 
124 may be an array of memory cells formed on a semiconductor substrate, wherein one 
or more bits of data are stored in the individual memory cells by storing one of two or 

1 5 more levels of charge on individual storage elements of the memory cells. A non- volatile 
flash electrically erasable programmable read only memory (EEPROM) is an example of 
a common type of memory for such systems. 

When present, control system 128 communicates over a bus 15 to a host computer 
20 or other system that is using the memory system to store data. Bus 15 is generally a part 
of bus 104 of Fig. 2a. Control system 128 also controls operation of memory 124, which 
may include a memory cell array 1 1, to write data provided by the host, read data 
requested by the host and perform various housekeeping functions in operating memory 
124. Control system 128 generally includes a general purpose microprocessor which has 
25 associated non-volatile software memory, various logic circuits, and the like. One or 
more state machines are often also included for controlling the performance of specific 
routines. 

Memory cell array 1 1 is typically addressed by control system 128 or 
30 microprocessor 108 through address decoders 17. Decoders 17 apply the correct voltages 
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to gate and bit lines of array 1 1 in order to program data to, read data from, or erase a 
group of memory cells being addressed by the control system 128. Additional circuits 19 
include programming drivers that control voltages applied to elements of the array that 
depend upon the data being programmed into an addressed group of cells. Circuits 19 
5 also include sense amplifiers and other circuits necessary to read data from an addressed 
group of memory cells. Data to be programmed into array 1 1, or data recently read from 
array 1 1, are typically stored in a buffer memory 21 within control system 128. Control 
system 128 also usually contains various registers for temporarily storing command and 
status data, and the like. 

10 

Array 1 1 is divided into a large number of BLOCKS 0 - N memory cells. As is 
common for flash EEPROM systems, the block is typically the smallest unit of erase. 
That is, each block contains the minimum number of memory cells that are erased 
together. Each block is typically divided into a number of pages. As will be appreciated 

1 5 by those skilled in the art, a page may be the smallest unit of programming. That is, a 
basic programming operation writes data into or reads data from a minimum of one page 
of memory cells. One or more sectors of data are typically stored within each page. As 
shown in Fig. 2b, one sector includes user data and overhead data. Overhead data 
typically includes an error correction code (ECC) that has been calculated from the user 

20 data of the sector. A portion 23 of the control system 128 calculates the ECC when data 
is being programmed into array 11, and also checks the ECC when data is being read 
from array 1 1 . Alternatively, the ECCs are stored in different pages, or different blocks, 
than the user data to which they pertain. 

25 A sector of user data is typically 512 bytes, corresponding to the size of a sector 

in magnetic disk drives. Overhead data, or redundant data, is typically an additional 16 
bytes. One sector of data is most commonly included in each page but two or more 
sectors may instead form a page. Any number of pages may generally form a block. By 
way of example, a block may be formed from eight pages up to 5 12, 1024 or more pages. 

30 The number of blocks is chosen to provide a desired data storage capacity for the 
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memory system. Array 1 1 is typically divided into a few sub-arrays (not shown), each of 
which contains a proportion of the blocks, which operate somewhat independently of 
each other in order to increase the degree of parallelism in the execution of various 
memory operations. An example of the use of multiple sub-arrays is described in U.S. 
5 Patent No. 5,890,192, which is incorporated herein by reference in its entirety. 

In one embodiment, non-volatile memory such as an MLC NAND memory is 
embedded into a system, e.g., a host system. Fig. 2c is a diagrammatic representation of 
a host system which includes an embedded non-volatile memory. A host or computer 

10 system 150 generally includes a system bus 154 which allows a microprocessor 158, a 
RAM 162, and input/output circuits 166, among other components (not shown) of host 
system 150, to communicate. A non-volatile memory 174, e.g., a flash memory, allows 
information to be stored within host system 150. An interface 180 may be provided 
between non-volatile memory 174 and bus 154 to enable information to be read from and 

1 5 written to non- volatile memory 1 74. 

Non- volatile memory 174 may be managed by microprocessor 158 which 
effectively executes either or both software and firmware which is arranged to control 
non- volatile memory 174. That is, microprocessor 158 may run code devices, i.e., 
20 software code devices or firmware code devices, which allow non- volatile memory 174 
to be controlled. Such code devices, which will be described below, may enable physical 
blocks in non- volatile memory 174 to be addressed, and may enable information to be 
stored into, read from, and erased from the physical blocks. 

25 Fig. 3 is a diagrammatic representation of a physical block which is partitioned 

into groups which allow updates to be written substantially out-of-sequence in 
accordance with an embodiment of the present invention. A physical block 300 may 
generally include any number of pages 304. As shown, physical block 300 includes 
sixteen pages 304 which are divided into four groups 308. Hence, each group 308 may 

30 be considered as beginning at an offset of four pages 304 from the previous group 308. It 
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should be appreciated, however, that the total number of pages 304, the number of groups 
308, and the number of pages 304 in each group 308 may vary widely depending upon a 
variety of factors which may include, but is not limited to, the requirements of a 
particular memory system. 

5 

Physical block 300 may be an "update" physical block that is arranged to contain 
updated contents associated with a logical block (not shown) which effectively supercede 
older contents of the logical block. As shown, page 304a of first group 308a within block 
300 includes contents 312 associated with a first page of the logical block (not shown) 
10 associated with block 300. When contents 312 are written into page 304a, the data area 
and the overhead or redundant area of page 304a are written to substantially 
simultaneously. First group 308a also includes fourth page 304d which includes contents 
314 associated with the fourth page of the logical block (not shown). 

15 Although pages 304b, 304c which are included in first group 308a are 

substantially empty, when further updated contents are to be stored in block 300, such 
contents may not be stored into pages 304b, 304c. Pages 304 within a group 308 may 
generally only be written sequentially such that no lower or previous page 304 may be 
written to once a higher page 304 has been written to. By way of example, when 

20 contents 316 associated with a third page of the logical block (not shown) which 

corresponds to block 300 are to be written into block 300, contents 316 are written into a 
third page 304g which is included in the next available group 308, i.e., group 308b. 
Third page 304g of second group 308b is the seventh overall page associated with block 
300. 

25 

When contents 312 associated with the first page of the logical block (not shown) 
are to be superceded by updated contents 312% although pages 304e, 304f, 304h of 
second group 308b are substantially empty, updated contents 312' may not be written 
into second group 308b. Instead, updated contents 312' are written into a first page 304i 
30 of third group 308c, which is a ninth overall page associated with block 300. Generally, 
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a new available group 308 may be obtained for use substantially any time either a partial 
write violation or an out-of-sequence violation with respect to a current group 308 would 
occur if updated contents were to be written into the current group 308. It should be 
appreciated that before updated contents 312' are written into first page 304i of third 
5 group 308c, fourth page 304h of second group 308b may be written into, but essentially 
only with contents associated with a fourth page of the logical block (not shown). 

Once updated contents 312' are written into first page 304i of third group 308c, if 
updated contents 3 16' associated with the third page of the third page of the logical block 

10 (not shown) are to be written, then updated contents 316' may be written into a suitable 
page within third group 308c, namely third page 304k of third group 308c. It should be 
appreciated that after updated contents 316' are written, substantially only updated 
contents associated with contents 314, which are written into page 304d, may be written 
into group 308c. Other contents or updated contents are generally written into a fourth 

1 5 group 308d. For example, when contents 3 1 8, which are associated with the second page 
of the logical block (not shown) are to be written, contents 318 are stored into a second 
page 204n of fourth group 308d. 

When contents are written into physical block 300, contents are written in a 
20 "downward" direction with respect to the sequence of pages. However, when contents 
are read from physical block 300, contents are read in an "upward" direction such that the 
most recent contents associated with any given logical page may be read and, outdated or 
superseded contents associated with the given logical page may effectively be ignored or 
disregarded. In other words, a writing process is generally performed starting at the 
25 beginning of physical block 300, whereas a reading process is generally performed 
starting at the end of physical block 300. 

As contents associated with pages of a logical block (not shown) are written into 
groups 308, the pages of the logical block are effectively written into physical block 300 
30 in a substantially out-of-sequence manner. That is, if physical block 300 is effectively 
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"viewed" without groups 308, then it appears that contents associated with pages of the 
logical block (not shown) are written substantially out-of-sequence within physical block 
300, e.g., contents 316 associated with a third page of the logical block are written after 
contents 314 associated with a fourth page of the logical block are written. However, 
5 contents are written substantially in-sequence within each group 308. Writing contents 
substantially in-sequence within each group 308, as for example within third group 308c, 
then with respect to physical block 300, contents are effectively written substantially out- 
of-sequence. 

In general, pages of a logical block may be divided into logical groups. Dividing 
or grouping pages of a logical block into logical groups enables the contents stored in 
physical groups of a physical block associated with the logical block to be more readily 
identified. With reference to Fig. 4a, a logical block which includes logical groups and a 
physical block which includes physical groups will be described in accordance with an 
embodiment of the present invention. A logical block 400, which includes logical pages 
404 which are grouped into logical groups 408, is associated with a physical block 420. 
Physical block 420, which includes pages 424 which are grouped into physical groups 
428, is associated with logical block 400 in that physical block 420 is arranged to contain 
contents, e.g., new or updated contents, which are associated with logical block 400. As 
such, physical block 420 may be considered to be an "update" physical block into which 
updated contents associated with logical block 400 may be stored. 

Logical block 400 and physical block 420 may generally include any number of 
pages 404, 424, respectively. The number of pages 404, 424 may be dependent upon the 
25 requirements of a host system non- volatile memory system which includes blocks 400, 
420. As shown, logical block 400 includes thirty-two pages 404, and physical block 420 
includes thirty-two pages 424, although the number of pages may be widely varied. For 
example, blocks 400, 420 may include eight, sixteen, sixty- four, 128, or 256 pages. 
Similarly, although each group 408 includes eight pages 404 and each group 428 includes 



10 



15 



20 
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eight pages 424, the number of pages in a group may also vary widely depending upon 
the requirements of a host system. 

Typically, each logical group 408 is identified by a logical group identifier, e.g., a 
5 first logical group 408a may be identified as 'LG1 9 while a second logical group 408b is 
identified as 'LG2.' In one embodiment, each logical group identifier may be a bit or a 
series of bits which uniquely identifies a logical group 408 within logical block 400. 
When contents associated with a logical page 404 are stored into a physical group 428, 
the contents are generally stored along with a logical group identifier which identifies 

10 which logical group the contents are associated with. As shown, when updated contents 
430 which are associated with a first page 404a of first logical group 408a are to be 
written into block 420 and all physical groups 428a are available, then updated contents 
430 are written into first page 424a of a first physical group 428a, along with a logical 
group identifier 432 which identifies contents of physical page 428a as being associated 

15 with first logical group 408a. Although logical group identifier 432 may be written into 
substantially any page 424 within a physical group 428 such first physical group 428a, 
logical group identifier 432 is typically written into a redundant or overhead area of first 
page 424 of a physical group 428 such as first page 424a of first physical group 428a. 

20 Once first physical group 428a is associated with first logical group 408a, as for 

example using logical group identifier 432, pages 424 within first physical group 428a 
may generally only contain contents associated with pages 404 within first logical group 
408a. That is, in the described embodiment, each physical group 428 contains contents 
associated with a single logical group 408. After first physical group 428a is associated 

25 with first logical group 408a, updated or new contents associated with first logical group 
408a which are associated with logical pages 404 which are sequentially or numerically 
"after" first logical page 404a may be written or stored into pages 424 within first 
physical group 428a. By way of example, updated contents 434, which are associated 
with eighth logical page 404b, may be stored into physical page 424c. 

30 
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When new or updated contents 436 associated with a seventh logical page (not 
shown) of logical group 408a are to be written into physical block 420, since such 
contents 436 may not be written into first physical group 428a, contents 436 are written 
into an appropriate page 424e in an available physical group 428, e.g., second physical 
5 group 428b. As shown, a logical group identifier 438 which identifies the contents of 
second physical group 428b as being associated with first logical group 408a is written 
into second physical group 428b, e.g., into a first physical page 424d of physical group 
428b. Then, in the event that newer updated contents 440 which are associated with 
eighth logical page 404b are to be written, newer updated contents 440 may be written 
10 into an eighth physical page 424f associated with second physical group 428b. 

If a subsequent update associated with logical block 400 is to occur after updated 
contents 440 are written into second physical group 428b, the new updated contents are 
written into the next available physical group 428. For example, if new or updated 

1 5 contents 422, 444, 446, which are associated with second through fourth logical pages 
404 of third logical group 408c, respectively, are to be written into physical block 420, 
contents 422, 444, 446 are written into third physical group 428c. Specifically, contents 
422 are written into second page 424h of third physical group 428c, contents 444 are 
written into third page 424i of third physical group 428c, and contents 446 are written 

20 into fourth page 424j of third physical group 428c. In order to readily identify third 
physical group 428c as being associated with third logical group 408c, a logical group 
identifier 448 which identifies third logical group 408c is stored into third physical group 
428c, e.g., into an overhead area associated with first physical page 424g of third physical 
group 428c. 

25 

In order to avoid partial write violations or out-of-sequence violations, when 
additional updates are to be made to contents associated with logical group 408a, such 
updated contents are written into a fourth physical group 428d, even though there may be 
additional available pages, e.g., page 424k, within third physical group 428c. As shown, 
30 fourth physical group 428d includes a logical group identifier 450 which identifies first 
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logical group 408a as being associated with fourth physical group 428d. Updated 
contents 452 which are associated with logical page 404a are stored into first page 4241 
of physical group 428d, while contents 454 which are associated with a fifth logical page 
(not shown) of first logical group 408a are written into fifth page 454p of fourth physical 
5 group 428d at some point after updated contents 452 are stored. Finally, updated 
contents 456, which are associated with logical page 404b, may be written into eighth 
physical page 424s of fourth physical group 42 8d. 

Once there are no suitable physical groups 428 available within physical block 
10 420 to accommodate updates associated with logical block 400, in one embodiment, the 
contents of physical block 420 may be merged with contents of an "original" physical 
block associated with logical block, e.g., into a new physical block, as will be discussed 
below with respect to Fig. 4b and 4c. That is, since logical block 400 typically has more 
than one associated physical block, the physical blocks, including physical block 420, 
1 5 may be resolved. After the contents of physical block 420 are merged or otherwise 

resolved into a new physical block, another new physical block may be obtained to serve 
as an "update" physical block which is suitable for storing updated contents associated 
with logical block 400. 

20 Resolving physical blocks which are associated with a common logical block 

typically includes determining which of the physical blocks was more recently associated 
with the logical block and, hence, contain the more recent contents associated with the 
common logical block, e.g., logical block 400. Update indexes, which are described in 
co-pending U.S. Patent Application No. 10/281,762, which is incorporated by reference, 

25 may be used to determine which of a plurality of physical blocks is more recently 
associated with a logical block. Often, when a logical block has more than one 
associated physical block and it is essentially necessary to identify one physical block to 
be associated with the logical block, the update indexes may be obtained from the 
physical blocks, as update indexes are arranged such that a comparison of update indexes 
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from two physical blocks will identify which of the two physical blocks contains more 
current contents associated with the logical block. 

An update index, which may be stored in at least one overhead or redundant area 
5 associated with a physical block, may be arranged to indicate which of two physical 
blocks involved in a copying, or a merging, process is an older physical block and which 
of the two physical blocks is the newer, or "update" physical block. For example, the 
update index of the new physical block may be set such that the value of that update 
index is higher than the update index of the old physical block. Hence, when the update 
10 indexes of the physical blocks are checked to determine which physical block is the 
"update" physical block, it may be determined that the physical block with the higher 
update index is the "update" physical block. 

Fig. 4b is a diagrammatic representation of an older physical block and an 
1 5 "update" physical block, e.g. , physical block 420 of Fig. 4a, which are associated with a 
common logical block, e.g., logical block 400 of Fig. 4a, in accordance with an 
embodiment of the present invention. When physical block 420 is unable to accept any 
more updates associated with logical block 400 of Fig. 4a, the contents of physical block 
420 may be substantially merged with contents 462 of physical block 460 which may be 
20 an original physical block associated with logical block 400. That is, contents 462 of 
physical block 460 and contents of physical block 420 may effectively be compared to 
identify the most recent contents or data associated with logical block 400 of Fig. 4a. 
Typically, the most recent updated contents associated with logical block 400 of Fig. 4a 
will be located in physical block 420. However, the most recent contents associated with 
25 logical block 400 of Fig. 4a which have not been updated since they were written into 
physical block 460 will be obtained from physical block 460. 

Although the most recent contents associated with logical block 400 of Fig. 4a 
may be stored into physical block 420 in some cases, the most recent contents associated 
30 with logical block 400 are typically stored into a newly obtained physical block, e.g., 
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block 480 of Fig. 4c. During a copying or a merging process involving physical blocks 
420, 460, a read process may be performed beginning at the end of each block 420, 460. 
By way of example, page 424s of block 420 may be read first. When block 480 of Fig. 
4c is written to with the most recent contents associated with logical block 400 of Fig. 4a, 
5 block 480 may be written beginning at the start of block 480. 

In order to determine which block 420, 460 is a older block and which block 420, 
460 is the "update" block which contains updated contents, update indexes 470 which are 
stored in overhead areas associated with each block 420, 460 may be compared. As 

10 update indexes 470 indicate which block 420, 460 is newer, when update index 470b 
indicates that block 420 is more recently associated with logical block 400 of Fig. 4a, 
then block 420 is determined to be the "update" block. Alternatively, when update index 
470a indicates that block 460 is more recently associated with logical block 400 of Fig. 
4a, then block 460 is determined to be the "update" block. In the described embodiment, 

15 since block 420 is the "update block," update index 470b is arranged to indicate that 
block 420 effectively newer than block 460. 

When contents of block 420 are read, determinations may be made regarding 
which contents within block 420 are intended to supercede other contents within block 
20 420. By way of example, when contents 456 are read, it may be determined that contents 
456 supercede substantially any other contents which are associated with eighth logical 
page 404b of logical block 400 of Fig. 4a. Further, logical group indicators stored within 
block 420 may be used to facilitate a determination of which logical pages 404 of Fig. 4a 
are associated with contents of a particular group 428. 

25 

After physical blocks 420, 460 are resolved such that the most recent or current 
contents associated with logical block 400 of Fig. 4a are identified, the most recent 
contents may be written into physical block 480, as shown in Fig. 4c. As shown original 
contents 462 which were previously in physical block 460 of Fig. 4b and have not been 
30 superceded by any contents of physical block 420 of Fig. 4b are included in physical 
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block 480, as are the most updated contents of physical block 420, namely contents 452, 
454, 440, 456, 442, 444, 446. Physical block 480, in addition to containing the most 
recent contents associated with logical block 400 of Fig. 4a, may also contain an update 
index that may be stored in the overhead or redundant area of substantially any page 
5 within physical block 480. 

Physical block 480 may generally be populated, e.g., physical blocks 420, 460 of 
Fig. 4b may be resolved, either when there are essentially no more updates to be written 
into physical block 420, or when physical block 420 is unable to accommodate further 
10 updates. When physical block 480 is populated because further updates may not be 
stored into physical block 420 of Fig. 4b, then once physical block 480 is populated, a 
new "update" physical block may be obtained. In one embodiment, an update index in 
the new "update" physical block may be set to indicate that the new "update" physical 
block is more newly associated with logical block 400 of Fig. 4a than physical block 480. 

15 

With reference to Fig. 5, the steps associated with one method of performing a 
write process which may be considered to be an out-of-sequence write process will be 
described in accordance with an embodiment of the present invention. A process 500 of 
writing an update or updates into a physical bock begins at step 504 in which an update 

20 that is associated with a current logical block is obtained. The update may be obtained 
when a host system provides new or changed data that is associated with the current 
logical block. Once the update is obtained, a determination is made in step 508 as to 
whether a suitable physical group is available within an "update" physical block into 
which the update may be written. An "update" physical block may be a physical block 

25 which is arranged to contain updated or new information associated with the current 
logical block, and is substantially divided into groups which are identified by physical 
group numbers and may each correspond to a logical group of the current logical block, 
as described above. 
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When it is determined that there is an available or appropriate group, then the 
indication is that either a current group, i.e., the most recent group to be written into, has 
space for the update, or there is a new group which may be written into. Accordingly, 
process flow moves to step 512 in which the update is written into the appropriate group 
5 in the "update" physical block. Typically, in addition to writing the update into the 

appropriate group, an identifier which identifies the logical group with which the update 
is associated is also written into the appropriate group. 

Once the update is written into an appropriate group, a determination is made in 
10 step 516 regarding whether there are more updates associated with the current logical 
block. If it is determined that there are more updates associated with the current logical 
block, then process flow returns to step 504 in which the next update associated with the 
current logical block is obtained. Alternatively, if it is determined that there are no more 
updates associated with the current logical block, then contents of a current physical 
15 block, e.g., the contents of the physical block which contains "original" contents that 
were associated with the current logical block before the updates associated with the 
current logical block were effectively processed, may be merged in step 520 with 
contents of the "update" physical block as appropriate. The contents of the two physical 
blocks may be merged into a new current physical block, in one embodiment. After the 
20 contents of the current physical blocks and the "update" physical block are merged or 
otherwise resolved, the process of writing an update or updates is completed. 

Returning to step 508, if it is determined that there is no group available within 
the "update" physical block into which the current update associated with the current 

25 logical block may be written, then process flow moves to step 524 in which a new current 
physical block is obtained. Specifically, in the described embodiment, the contents of the 
current physical block associated with the current logical block are merged or resolved 
with the contents of the "update" physical block, as appropriate, into a single physical 
block. Once the single physical block, which is a new current physical block associated 

30 with the current logical block, is written to with the most recent information associated 
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with the current logical block, then a new "update" physical block into which updates 
associated with the current logical block may be stored is obtained in step 528. In one 
embodiment, obtaining the new "update" physical block may include setting an update 
index associated with the new "update" physical block to an appropriate value with 
5 respect to the value of an update index in the current physical block. 

After the new "update" physical block is obtained, the current update associated 
with the current logical block may be written in step 532 into a first group within the new 
"update" physical block. Typically, the update is written into the first physical group 
10 along with an identifier which identifies a logical group in the current logical block with 
which the update is associated. Process flow then moves to step 516 in which it is 
determined whether there are more updates associated with the current logical block. 

In general, the functionality associated with implementing, maintaining, and 
1 5 utilizing a power management block is provided in software, e.g. , as program code 

devices, or as firmware to a host system which includes a non-volatile memory or non- 
volatile memory component. One embodiment of a suitable system architecture 
associated with the software or firmware provided to a host system to enable a power 
management block to be implemented, maintained, and used is shown in Fig. 6. A 
20 system architecture 700 generally includes a variety of modules which may include, but 
are not limited to, an application interface module 704, a system manager module 708, a 
data manager module 712, a data integrity manager 716, and a device manager and 
interface module 720. In general, system architecture 700 may be implemented using 
software code devices or firmware which may be accessed by a processor, e.g., processor 
25 108 of Fig. 2a. 

In general, application interface module 704 may be arranged to communicate 
with a non- volatile memory such as a flash memory (not shown) or, more generally, a 
media, to initialize the media during the course of an initialization, or system formatting, 
30 request. Application interface module 704 may also read from, as well as write to, a 
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sector, a cluster, or a page associated with the media. Typically, in addition to 
communicating with a media, application interface module 704 is also in communication 
with system manager module 708 and data manager module 712. 

5 System manager module 708 includes a system initialization submodule 724, an 

erase count block management submodule 726, and a power management block 
submodule 730. System initialization submodule 724 is generally arranged to enable an 
initialization request to be processed, and typically communicates with erase count block 
management submodule 726. Erase count block management submodule 726 includes 
10 functionality to cause erase counts of blocks to be stored, and functionality to cause an 
average erase count to be calculated, as well as updated, using individual erase counts. 
System initialization module 724 is also arranged to resolve a one-to-many logical-to- 
physical block assignment and, hence, may utilize update indexes. 

15 In addition to being in communication with application interface module 704, 

system manager module 708 is also in communication with data manager module 712, as 
well as device manager and interface module 720. Data manager module 712, which 
communicates with both system manager module 708 and application interface module 
704, may include functionality to provide sector mapping which effectively translates 

20 logical sectors into physical sectors. That is, data manager module 712 is arranged to 
map logical blocks into physical blocks. Data manager module 712 may also include 
functionality associated with operating system and file system interface layers, and 
enables groups within blocks to be managed, as described in co-pending U.S. Patent 
Application No. 10/281,855, which is incorporated herein by reference in its entirety. In 

25 one embodiment, data manager module 712 may be arranged to enable a substantially 
out-of-sequence write process to occur. 

Device manager and interface module 720, which is in communication with 
system manager module 708, data manager 712, and data integrity manager 716, 
30 typically provides a flash memory interface, and includes functionality associated with 
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hardware abstractions, e.g., an 1/0 interface. Data integrity manager module 716 
provides ECC handling, among other functions. 

Although only a few embodiments of the present invention have been described, 
5 it should be understood that the present invention may be embodied in many other 

specific forms without departing from the spirit or the scope of the present invention. By 
way of example, the use of groups to enable an essentially out-of-sequence write to occur 
has generally been described as being associated with a NAND memory, e.g., an MLC 
NAND memory. In general, however, an essentially out-of-sequence write which 
10 involves dividing blocks into groups may be implemented with respect to substantially 
any suitable memory or memory system. 

An update index has been described as being suitable for use in enabling an 
"update" physical block and a current physical block to be resolved. It should be 
15 appreciated, however, that substantially any suitable method, as for example a method 
which does not involve the use of an update index, may be used to enable the a plurality 
of physical blocks to be resolved. 

The steps associated with the various methods of the present invention may be 
20 widely varied. In general, steps may be added, removed, reordered, and altered without 
departing from the spirit or the scope of the present invention. For instance, when an 
update associated with a particular logical group within a logical block is to be written 
into an appropriate physical group within an "update" physical block and that update is 
the first update to be written into the physical group, then writing the update may include 
25 writing an identifier into the physical group which identifies the physical group as being 
associated with the logical group. While such an indicator may be written into 
substantially any page of the physical group, such an indicator is often written into the 
first page, i.e., the beginning page, of the physical group. It should be appreciated that 
the indicator may be written before the update is written, or the indicator may be written 
30 at substantially the same time as the update, e.g., when the update is written into the first 
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page of the physical group. Therefore, the present examples are to be considered as 
illustrative and not restrictive, and the invention is not to be limited to the details given 
herein, but may be modified within the scope of the appended claims. 
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